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1. Introduction

When measuring the electric and magnetic fields produced by a simulated
high-altitude electromagnetic pulse (HEMP), Harry Diamond Labora-
tories (HDL) currently uses ground-plane-version electric and magnetic
field sensors. These sensors are mounted on a 0.218-m circular (8-1/2 in.)
aluminum plate that provides both a finite ground plane and a mounting
surface for the sensors. Previously, whenever electromagnetic fields were
recorded during HEMP simulation, these sensors had been mounted on a
1-im 3 aluminum box ("mapping box"). The -im3 box was needed to shield
and contain the recording equipment, such as oscilloscopes and cameras,
necessary for data collection.

With the advent of fiber optics, the 1-m3 box was no longer required and
could be replaced by a much smaller and more convenient enclosure. The
new enclosure chosen was an aluminum cylinder approximately 0.254 m
(10 in.) long, with a diameter of 0.167 m (6-1/2 in.). This size was chosen
to allow the electric and magnetic field sensors to be mounted on the
metallic cylinder without serious sensor modification and also to shield
the transmitter portion of the fiber-optic data link, small signal amplifiers,
power supply, and coaxial cables associated with the collection of field
data. It will be shown later that the presence of this cylinder increases
("enhances") the amplitude of the signal measured with this new sensor
structure geometry (sensor/cylinder). With this metallic cylinder so close
to the sensor, it was necessary to examine and characterize the effect of
the cylinder on the measurement of electromagnetic fields so that its effect
could then be removed.

This report documents the various techniques used to characterize the
field perturbation caused by the presence of the metallic cylinder. It will
be shown later that the presence of this cylinder increased the amplitude
of the measured electromagnetic fields by a constant value for the meas-
ured frequency range of 500 kHz to 100 MHz. This perturbation will be
referred to as an enhancement. Three different techniques were used to
characterize the enhancement. First, the field enhancement caused by the
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metallic cylinder as a function of frequency was measured with the use of
transverse electromagnetic (TEM) cells with a continuous wave (cw)
source. Second, the enhancement was measured in the time domain by
comparing electric and magnetic fields measured with a sensor mounted
on the metallic cylinder to those measured with miniature sensor mounted
directly on a fiber-optic transmitter. Third, the enhancement was calcu-
lated numerically with the use of a three-dimensional finite-difference
code.

We were also concerned with the effects that a nearby conducting plane
(specifically a metallic shelter) would have on the field enhancement of
the sensor/cylinder. This effect was investigated along with errors associ-
ated with inaccurate positioning of the sensor/cylinder.
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2. The Metallic Cylinder

The metallic cylinder was designed specifically to house the transmitter
portion of the fiber-optic link, amplifiers, power supply, cables, and other
equipment associated with data collection. Additionally, the metallic cyl-
inder's compact size allows greater sensor positional flexibility for meas-
uring electromagnetic fields than did the previously used I-iM3 box.

Figure I shows the metallic cylinder with an electric field sensor attached
on one end. The sensor is a top-loaded monopole above an 8-1/2-in. circu-
lar aluminum ground plane which is protected with a 1/8-in.-thick
fiberglass sheet. The cylinder is constructed from an aluminum tube
closed at one end with an aluminum plate. Both the fiber-optic signal and
control cables can be attached to the transmitter through this plate. The
charging port for the fiber-optic transmitter battery pack can also be ac-
cessed through this plate (see fig. 2). The cylinder is exactly 0.263 m
(10-1/4 in.) long, with a diameter of 0.163 m (6-3/8 in.). The front end of
this cylinder is left open so that an electric or magnetic field sensor can be
mounted on it. These sensors can be connected to the fiber-optic transmit-
ter through short coaxial cables. The preamplifiers found in each electric
field sensor, along with other small signal amplifiers, if necessary, receive
their power directly from the optical transmitter battery pack through a dc
to dc converter. Figure 3 shows the metallic cylinder along with equip-
ment that can be placed inside it.

Figure 1. Fiber-optic
cylinder with electric-
field sensor attached.

7



Figure 2. End plate of Charging port for

metallic cylinder fiber-optic transmitter End-plate mounting

showing charging port

and fiber-optic cable 0
connections.

00 C S 0

0 0 Fiber-optic signal
0 0 and control cable

o0 connections

Fiber-optic
transmitter
mounting
bolts

Figure 3. Metallic cyl-
inder showing trans-
mitter, dc to dc con-
verter, 20-dB Avantec
amplifier, bias tee, and
electric-field sensor.
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3. Determining Enhancement Caused by Metallic Cylinder

3.1 Cylinder Response in Frequency Domain

To compute the enhancement caused by the metallic cylinder as a function
of frequency, we mounted a field sensor on the cylinder and placed this
sensor/cylinder inside large TEM cells. Two separate TEM cells of differ-
ent sizes were used during this effort. These cells are described in more
detail later in this report. The TEM cells provided a uniform TEM field in-
side each cell. The cells are useful for calibrating low-level sensors and
testing equipment emissions and radio-frequency interference (RFI) sus-
ceptibility [1].*

The sensor/cylinder was placed midway between the center conductor and
the ground plane of the TEM cell by means of a dielectric stand. The
TEM cells used for this test are at the National Bureau of Standards in
Boulder, CO; these cells provided a constant amplitude field within ±1 dB
over the frequencies of interest. The electric and magnetic fields measured
by the sensors were transmitted to remotely placed recording equipment
through fiber-optic cables. The field enhancements caused by the cylinder
were computed by comparing the electric and magnetic fields measured
with a sensor mounted on the metallic cylinder to those fields computed at
the sensor location without the presence of the sensor/cylinder. The equa-
tions used to compute the field enhancement caused by the metallic cylin-
der are as follows:

Ecy' (f) (1)
EFE(f) = ETEM x T, (f) ,

HCYI (f) (2)
EFH(f) HTrM x T2 (f)

References are listed at the end of the text (see p 25).
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ETEMu T E M L;ET E

H. 120 7 ' (3)

ETEM V (4)

where

EFE(f), EFH(f) = the enhancement caused by the cylinder for the electric
and magnetic fields, respectively;

EcYl(f), HcYl(f) = the respective electric and magnetic field measured by a
sensor -iounted on the metallic cylinder,

ETEM, HTEM = the respective electric and magnetic field computed at the
center of the TEM cell between the septum and the bottom of the cell
without the presence of the cylinder;

Tl(f), T2(f) = the respective transfer function (ratio of applied field
strength to sensor output voltage) of the electric and magnetic field sen-
sors [2];

V = the applied input voltage to the TEM cell for a given frequency; and

b = the separation distance between the center conductor and the bottom

of the TEM cell.

The size of one of the TEM cells used was 6 (1) by 3 (w) by 3 (h) m, with
the separation between the center conductor and the bottom of the cell

being 1.5 m. The cell provides planewave electromagnetic fields inside

the cell, and maintains a TEM mode from dc to approximately 40 MHz. A
smaller TEM cell was used to cover the frequency range up to 100 MHz.
The smaller cell size was 2.4 (1) by 1.2 (w) by 1.2 (h) m, with the distance

between the septum and the bottom of the cell being 0.6 m. Because of the
size of the cylinder relative to the smaller cell, there was an appreciable
interaction between the smaller cell and the metallic cylinder. This inter-

action was caused by the cylinder's size "impedance loading" the TEM

ceil, thus changing the characteristic impedance of the cell from 50 ohms
[1], and thereby increasing the amplitude of the fields inside the cell. This

effect was adjusted by using the enhancement measured in the large cell at
the overlapping frequencies between the larger and smaller cell.*

"Myron Crawford, National Bureau of Standards, Boulder, Co., recommended this technique on 19 March 1986
during the TEM cell measurements.
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For magnetic fields, basically two sensor/cylinder orientations are com-
monly used for each field component measured. For this reason, the mag-
netic fields were measured for two angles relative to electric field
polarization (T): one with the sensor/cylinder axis parallel to the incident
electric field (' = 0 deg), and another with the sensor/cylinder axis nor-
mal to the electric field (P = 90 deg). Figure 4 shows two cylinder orien-
tations when the cylinder was used in measuring magnetic fields.

For electric fields, only one sensor/cylinder orientation is possible for
each component, that is, with the sensor/cylinder parallel to the electric
field.

For electric fields, the average free field enhancement caused by the cylin-
der was measured to approximately 2.24 with the polarization angle of
T = 0 deg. For magnetic fields, the average enhancement was ap-
proximately 1.35 for ' = 0 deg and 1.26 for ' = 90 deg. Figures 5 to 7
show the electric and magnetic field enhancement caused by the metallic
cylinder as a function of frequency. As can be seen by these plots, the fre-
quency response of the sensor/cylinder is essentially flat, varying no more
than ±1 dB from the selected average value. The standard deviation for the
electric field enhancement was 0.5 dB, and for the magnetic field en-
hancement, was 0.3 dB for ' =0 deg and 0.6 dB with ' =90 deg.

Figure 4. Two cylin-
der orientations for
measuring magnetic
fields (cylinder parallel
and perpendicular to
E-field polarization). A

(Both orientations are K
measuring H-field
component into page.)
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Figure 5. Electric- 3.5

field enhancement
[EFE(f)] caused by

metallic cylinder. 2.24
Dashed line represents
average value of 2.00
enhancement. 105  106  107  108

Hertz

Figure 6. Magnetic- 2.0
field enhancement
[EFH(I caused by
metallic cylinder, with 1.26
cylinder axis per-
pendicular to electric 0'
field. Dashed line rep- 105  106 107  108

resents average value
of enhancement. Hertz

Figure 7. Magnetic- 2.00
field enhancement
[EFn(f)] caused by 1.3
metallic cylinder, with i
cylinder axis parallel
to electric field.
Dashed line represents 105  106  107  108
average value of
enhancement. Hertz

3.2 Cylinder Response in Time Domain

To compute the enhancement caused by the metallic cylinder in the time
domain, a series of tests were performed with the Army Electromagnetic
Pulse Simulator Operations (AESOP) in Woodbridge, VA. AESOP is a
full-threat-level fixed-site HEMP simulator. Using basically a 7-MV pulse
generator and 300-m horizontal biconic radiating antenna, AESOP can
produce a radiated free field from 20 to 50 kV/m at 50 m from the pulser.
The pulse output from AESOP is a double-exponential with a frequency
content up to approximately 125 MHz.

To measure the electric and magnetic field enhancement caused by the
metallic cylinder in the time domain, we first had to design and construct
miniature electric and magnetic field sensors that would attach directly to
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the front end of the fiber-optic transmitter (0.083 (w) by 0.103 (h) by
0.147 (1) m). This design allowed the transfer function (ratio of applied
field strength to sensor output voltage) of the sensor mounted on the trans-
mitter to be measured as a whole by placing this entire package in a TEM
cell (2 (1) by 0.67 (h) by 1 (w) m). The TEM cell used to measure the
transfer function of the sensor mounted to the transmitter was located at
HDL. These sensors can be seen figures 8 and 9.

We have already determined through frequency domain analysis that the
enhancement caused by the metallic cylinder is reasonably flat over the
measured frequency range (with a standard deviation of 0.5 dB for electric
fields and 0.3 dB for magnetic fields); also, as expected, there was no ap-
preciable visible change in waveshape between AESOP fields measured
with the miniature sensor mounted on a fiber-optic transmitter and those

Figure 8. Miniature
dipole mounted on a
fiber-optic transmitter.

Figure 9. Miniature
loop mounted on a
fiber-optic transmitter.
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measured with the sensor/cylinder. It was therefore concluded that any
lengthy data processing could be eliminated and that simply comparing
the peak amplitudes of the fields measured with the miniature sensor
mounted on the transmitter to those measured with the sensor/cylinder
was sufficient to characterize the enhancement caused by the cylinder in
the time domain.

To compute the magnetic field enhancement caused by the metallic
cylinder, the radial component of the magnetic field from the AESOP
radiator was measured with the small magnetic field sensor mounted on a
fiber-optic transmitter. The miniature sensor mounted on the transmitter
was then replaced with the sensor/cylinder to measure the same field com-
ponent. The ratio of the peak amplitude measured by the sensor/cylinder
to that measured by the miniature sensor mounted on the transmitter rep-
resents the magnetic field enhancement caused by the metallic cylinder.
This value was 1.25 with the metallic cylinder both normal and parallel to
the electric field.

To compute the electric field enhancement caused by the metallic
cylinder, the horizontal electric field from the AESOP radiator was meas-
ured with a miniature electric field sensor mounted on a fiber-optic trans-
mitter. The miniature sensor mounted on the transmitter was then replaced
with the sensor/cylinder to measure the same horizontal electric field com-
ponent. The ratio of the peak amplitude of these two waveforms repre-
sents the electric field enhancement caused by the cylinder, this value was
2.00. The major axis of the sensor/cylinder was parallel to the electric
field.

All time-domain enhancement measurements were made at a height of
6 m above earth ground. This provided at least 20 ns of "clear time" in the
incident pulse before the ground reflection occurred, and thus allowed the
peak of the incident electric and magnetic fields to be measured, better
simulating free-field conditions.

3.3 Numerical Computation of Cylinder Enhancement

The enhancement caused by the metallic cylinder was numerically com-
pt ed using a three-dimensional (3-D) finite-difference, static time domain
solution to Maxwell's equations [3]. A spatial grid interval of 1 in. was
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used to model the cylinder and its boundary. The enhancement factor was
determined by first generating a static field in the absence of the cylinder,
next introducing the cylinder into the static field, and then taking the ratio
of the computed static field level changes (present at one end of the
cylinder) with and without the cylinder present.

As mentioned earlier, each sensor is mounted on an 8-1/2-in. circular alu-
minum plate to provide a finite ground plane and a mounting surface for
the sensor. Because of this plate, the sensor had to be modeled in two
ways. In the first model, the sensor plate was omitted. For this case, the
electric-field enhancement factor was 2.27. For the magnetic field, the en-
hancement factor was 1.28 for both ' = 0 deg and P = 90 deg. In the sec-
ond model, the flange was I in. thick. The model did not allow for a more
accurate representation of the plate thickness. In this case the electric-field
enhancement was 1.9. For magnetic fields the enhancement factor was
1.16 for both ' = 0 deg and T = 90 deg [3].

In reality, the flange thickness is only 0.125 in. One would conclude that
the actual enhancement would be bounded by the values obtained from
modeling the sensor/cylinder with and without the mounting flange.
Table 1 summarizes the derived free-field enhancement factors for the
fiber-optic cylinder.

Table 1. Average Field cw Numerical? Pulse
electric and mag-
netic field enhance- Electric 2.24 2 .27 b 2.00
ments caused by 1.90c
the metallic
cylinder Magnetic 1.26 1.28 b  1.25

1.16c
aComputer modeled using 3-D finite-difference

code [3].
bModeled without flange.
cModeled with I-in. flange.
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4. Enhancement Caused When Cylinder is Next to Conducting Plane

When the metallic cylinder is placed next to a conducting plane, such as a
large metallic enclosure, the enhancement of the electric and magnetic
fields will change. This change is dependent on both distance from the
conducting surface and orientation of the sensor/cylinder. At the time of
this investigation, we were concerned with the cylinder enhancement
when the sensor/cylinder was placed 0.305 m (12 in.) from an Army
S280C shelter. The sensor/cylinder was used to measure the HEMP
shielding effectiveness (insertion loss) of an S280C shelter [4]. An S280C
shelter is a double-skinned aluminum enclosure approximately 2.3 by 2.3
by 3.7 m.

4.1 Enhancement Caused When Metallic Cylinder is Placed 0.305 m
(12 in.) from an Exterior Shelter Wall

To measure the electric and magnetic field enhancements caused when the
cylinder is placed 0.305 m from the shelter, we again used the miniature
electric and magnetic field sensors, as mentioned earlier, that would attach
directly to the front end of the fiber-optic transmitter. The miniature sen-
sor mounted on the transmitter was placed 0.305 m from the rear of the
shelter, and electric and magnetic fields were recorded. The miniature sen-
sor mounted on the fiber-optic transmitter was then replaced by the
sensor/cylinder, and the electric and magnetic fields were again recorded.
The ratio of the peak amplitudes of the fields measured with the sensor
mounted on the transmitter to those measured with the sensor/cylinder
was 1.86 for electric fields and 1.17 for magnetic fields. These values rep-
resent the electric and magnetic field enhancements caused by the cylinder
at this location.

When the miniature sensor was mounted on the transmitter it was basi-
cally assumed that the interactions between the miniature sensor and the
shelter could be neglected. This assumption is justified since the longest
dimension of the miniature sensor mounted on the transmitter is ap-
proximately 0.05 X at 100 MHz, the highest frequency of interest, where X
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is the wavelength. Also, the volume of the miniature sensor mounted on a
transmitter is only 5.2 x 10- 5 times that of the shelter. Again, peak
amplitudes were used to determine the enhancement caused by the cylin-
der in the time domain since there was no appreciable change in
waveshape between the fields measured with the miniature sensor
mounted on the transmitter and those measured with the sensor/cylinder.

4.2 Enhancement Caused When Metallic Cylinder is Placed 0.305 m
(12 in.) from an Interior Shelter Wall

The electric and magnetic field enhancements when the sensor/cylinder
was placed inside the shelter were derived with the same procedures used
for the external enhancements. When the responses of the miniature elec-
tric and magnetic field sensors mounted on a transmitter were compared
to those of the sensor/cylinder, the electric and magnetic field enhance-
ments caused by the metallic cylinder placed 0.305 m from the internal

shelter wall were 1.89 and 1.4, respectively.
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5. Estimation of Field Variation as a Function of Sensor/Cylinder Positioning

To determine if a measured signal is sensitive to sensor/cylinder position-
ing next to a conducting plane, electric and magnetic fields were measured
as a function of sensor/cylinder distance from an S280C shelter. The ef-
fects of misaligning the sensor/cylinder were also studied.

Peak amplitude variation caused by sensor/cylinder positioning error was
first examined by measuring magnetic fields while the angle of the
sensor/cylinder axis was varied with respect to the shelter wall. The plane
containing the magnetic field sensor was held fixed so that the sensor was
still measuring the same magnetic field component. With the sensor/
cylinder angle varied up to 30 deg from a vertical position (sensor/
cylinder parallel to the shelter wall and perpendicular to the electric field
polarization - see fig. 10a), the peak amplitude varied less than 0.6 per-
cent. The peak amplitude variation was 1.6 percent when the sensor/
cylinder angle was varied up to 30 deg from a horizontal position (sensor/
cylinder perpendicular to the shelter wall and parallel to the electric field
polarization - see fig. 10b). During these measurements, there were no
appreciable changes in pulse waveshape.

Figure 10. Estimation (a) (b)
of field variation with
sensor/cylinder axis 2

(b) perpendicular(a) parallel and '-

to shelter; tilt angle s280 shelter S280C shelter

varied. ,

a Peak amplitude a Peak amplitude
(deg) (Alm) (deg) (A/m)

0 105.6 0 112.1

20 105.1 20 110.3

30 105.7 30 111.8

18



Variations of the peak magnetic field were also measured as a function of
distance between the shelter wall and the sensor/cylinder. With the axis of
the sensor/cylinder parallel to the shelter, peak amplitudes varied ap-
proximately 7 percent when the sensor/cylinder distance was varied from
0.127 to 0.305 m (5 to 12 in., see fig. lla). With the sensor/cylinder axis
perpendicular to the shelter wall, and the distance varied from 0.064 to
0.305 m (2.5 to 12 in.), peak amplitudes varied approximately 8 percent
(fig. l lb). There was no appreciable change in waveshape during these
measurements.

When a desired magnetic field component is measured, the sensor/cylinder
axis can be either perpendicular or parallel to the shelter. However, electric
field sensors do not have these two degrees of freedom. The axis of the
sensor/cylinder must always be parallel with the desired field component.
The amplitude of the electric field varied approximately 61 percent
(without appreciable change in waveshape) when the sensor/cylinder dis-
tance was varied from 0.019 to 0.254 m (3/4 to 10 in., see fig. 12). Note
that a small positioning error leads to a large variation in peak amplitude of
the electric field when the sensor/cylinder is placed very close (less than
0.152 m (6 in.)) to the shelter. The peak amplitude of the electric field var-
ied less than 10 percent when the sensor/cylinder was varied from 0.152 to
0.254 m (6 to 10 in.).

Some significant results have been determined through these tests. As
shown by measurements taken with the sensor/cylinder 0.305 m from the
shelter, there is at least a 6.2 percent increase in the measured peak mag-
netic field with the sensor/cylinder parallel to the electric field, as com-
pared to the measured field with the sensor/cylinder perpendicular to the
electric field. A major contribution to this measured field increase is due to
a portion of the currents induced on the surface of the cylinder by the elec-
tric field coupling to the magnetic field sensor. Figures 13 and 14 show the
results of this effect.

To summarize, when the sensor/cylinder axis is normal to a shelter wall
and the electric field polarization is parallel to the sensor/cylinder axis, ap-
preciable field enhancements will occur for magnetic fields. When the axis
of the sensor/cylinder is oriented parallel to the shelter wall and the electric
field is polarized perpendicular to the sensor/cylinder, enhancement caused
by the electric field is minimized. These results were also confirmed
numerically [5].
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(a) (b)

Ml ml

S280C shelter n

S280C shelter

m Peak amplitude
(in.) (A/m)

5132m Peak amplitude
5 13.2(in.) (A/m)

6 109 2.5 122.0

8 105.3 3 115.7

10 106.3 4 114.1

12 105.6 12 112.1

Figure 11. Estimation of field variation with sensor/cylinder axis (a) parallel and (b) perpendicular
to shelter; distance from shelter varied.

Figure 12. Estimation S28C shelter
of field variation with

axis of sensor/cylinder
parallel to electric
field; distance from
shelter varied.

m Peak amplitude
(in.) (kV/m)

0.75 210
2.5 112.8
4 92.5
6 91.4
8 82.8

10 82.4
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AESOP

S280C shelter

0Y

IV

AIMPK =112.153 PW=1.13281E -08 M PK 186.232 PW 9.76562E - 09
200 200215P=.321-8- -. X

100 100-

-100 + +

40 80 120 160 200 -100

0 4S 80 120 160 2001E-9 S 1E-9 S

Cylinder parallel to AESOP Cylinder parallel to AESOP

A/M AM PK =195.245 PW=1.05469E-08
20 PK=105.552_PW=1.13281E-08 200-

800 1200-

0 40 N 1M 1W 200 0 40 80 120 160 200

1E-9 S 1E-9 S

Cylinder perpendicular to AESOP Cylinder perpendicular to AESOP

Figure 13. Effects of cylinder position on enhancement factors. Cylinder is 12 in. from shelter wall, with H,
(horizontal component of surface current) measured. Cylinder is either parallel to AESOP antenna (x-axis) or
perpendicular to AESOP antenna (y-axis).
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Figure 14. Effects of cylinder position on enhancement factors. Cylinder is 12 in. from shelter wall, with HY
(vertical component of surface current) measured. Cylinder is either pointing up (z-axis) or parallel to AESOP
antenna (x-axis).
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6. Conclusions

Mounting a field sensor to the metallic cylinder, as described in this re-
port is a very convenient technique for recording electromagnetic
fields. It has been shown that the presence of this metallic cylinder
causes a field enhancement which is linear over the frequency range
measured. This enhancement varies by no more than ±1 dB from the
average value, with a standard deviation of 0.5 dB for electric fields

and 0.3 dB for magnetic fields.

The field enhancement caused by the presence of the metallic cylinder
has been investigated through three independent methods. The en-
hancements caused by the metallic cylinder were determined to be 2.24
for electric fields and 1.26 for magnetic fields in free field (i.e., without
the presence of a conducting plane) based on the cw/frequency-domain
measurements. Of the three methods discussed, the frequency domain
method was chosen to best estimate the enhancement caused by the
cylinder because of the controlled environment and accuracy to which
fields were recorded during testing. Table 1 shows the enhancements

derived for the three methods.

Testing has shown that improperly aligning the sensor/cylinder during

the measurement of a magnetic field has a minimal effect on the meas-
ured signal. A sensor/cylinder misalignment of 30 deg will introduce
perturbations of only less than 2 percent. On the other hand, the
sensor/cylinder is sensitive to position as a function of distance from
the shelter wall, because the enhancement caused by the cylinder
changes as a function of distance. This effect can be minimized by de-
fining sensor location to be at least 0.152 m (6 in.) from the shelter.

When the sensor/cylinder is used to measure surface current or to infer

shielding effectiveness (SE), interactions occurring between the sen-
sor/cylinder and conducting plane (i.e., a metallic shelter) can be min-
imized by the following procedures.
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(1) Place the sensor/cylinder at least 6 in. from the shelter wall
(12 in. has shown to be a convenient distance, one consistent
with other practiced shielding methods).

(2) Avoid placing the sensor/cylinder perpendicular to the shelter
wall for magnetic field measurements.

(3) Avoid placing the sensor/cylinder parallel to the electric field
polarization for magnetic field measurements. Disregard this
rule for measurements for which the only remaining cylinder
position is perpendicular to the shelter wall.
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